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FOREWORD

This report was prepared by R. M. Stavens of the C:mell Aercnautical
Laboratories during his association with Project Visia during the summer
and fall of 1951. It represents the opinions of the author and may not
in detail reflect the viewpoints of Projec: Vista.

B. H. Sage

i
SECHET




SHECRET VER 121

LISY OF TABLES

Table I, Release Error Control Requirements.
X
2
A
4
«3i-
SECRET




SECREY VER 121

List of Figures

1. Effect of gravity upon trajectory of a projectile in a vacuum,

2. Assumptiouns for range error.
3. Comparison of approximate and exact AZg‘s.

he @a. Effect of uncertainties as to point of reluase on dispersion of
bonbs .

b. Rffect of uncertainties as to point of release on dispersion of
bobe .

T P

ce REffect of release error on O’y.

S. &. BEffect of range upon hit probability per square foot of target
area,

be Probability of hit per square foot of target area as & function
of range.

¢c. Effect of range upon hit probability per square foot of target
A area.

d. Effect of range upon hit probability per square foot of target
K ares.

é. 8. Effect of velocity of projectile relative to aircraft upon hit
probability per square foot of target.

b. Effect of velocity of projectile relative to aircraft upon hit
probability per square foot of target.

7. BEffect of release arror on Oy

8. Effect of slant range upon rounds required per hit for a specifisd

target area.

n

b. Effect of slant rangs upon rounds required per hit for a specified
target area.

¢e. Number of rounds required per hit as a functivn of ranpe.

- 8. Eflect of burnt velocity of rockst upon ratio of weight of warhsad
4 to that of total armament system.

U 9. Effect of muxzzle velocity of gun projectile upon ratio of weight
) of warhead to that of total armsment system.

‘U&‘ -iu—
b SECRET




10,

SECRET VEx 121

List of Figures (cont.)

Effect of muzizle velocity of projectiles from recoilless guns
won ratio of welght of warhead to that of total armament system.

11.; Reciprocal of aircraft armament logistic factor as function of
rocket burnt velocity.

11.

13.

Y.

&

be

ae

be

de
be

Ce

Reciprocal of aircraft ordnance logistic factor as function
of rocket burnt velocity.

Reciprocal of aircraft armament logistic tactor as a function of
gun muzzle velocity.

Reciprocal of aircraft armament logistic factor as a function of
gun muzsle velocity.

Raciprocal of aircraft armament logistic factor as a function of
gun muzzls velocity.

Reciprocal of alrcraft armament logistic factor as a function of
muzzle velocity of projectile from recoilless gun.

Effect of slant range upon airplane armament logistic factor.

Airplane armament logistic factor as a function of range.

Airplane armement logistic factor as a functiou of range.




SECRET VER 121
AIRCRAFT ARMAMENT FOR AIK-TO~GROUND OPERATIONS

INTRODUCTION

Of late, extensive and valuable studies have been made of the
aircraft weapons systems in their undisputed, but not necessarily nost
productive role, air-to-air combat. Comparatively little attention has
been given to their other domains of usefulnesa, in particular, that of
tactical air-to-ground operationsa.

A comprehensive and detailed study of this operation is beyond
the scope of this project. However, it is believed necessary to identify
sufficiently well the poverning physical phenomena that substantial bases

are provided for recoumendations either for further studies or specific

5 actions.
. In particular, this report will be concerned with aircraft
‘? arnamsnt, the ammunition and propellant system carried aboard the airplane.
L‘ However, the other parts of the system, the tarpet, the tactical situation,
a the airplane, the fire‘control system, ithe navigation system, sand the pgeneral
- logistics of the operation will bW considered whorever the characteristics
: of the armament cannot be consideied indepeﬁdently« Snecifically, this
ﬁﬂ report will
1. Submit a meusure of aircraft armament effectiveness, I,
2. Examine systems and tactical parameters of which I, is a
LJ furnctiocn, and indicate methods of waximizing Ij
f 3. Compare I, 's of varjous aircrafi armunent sysiems
| é L. Recommend specific actions toward obtaining the maximum air-

craft armament effectiveneas

-iv-
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A Measure of Alrcraft Armament Effectivensss

It is subtmitted without argument that an adequate measure of
aircraft armament effectiveness will be the ratic of the number of
kiils obtained against specified targets to the weight of the
armament 4installation which must be carrisd by the aircraft to obtain
those kills., Symbolically

o llr | NeQBIT) |y Pismrh [P o | Pyl LRzl Wh
K W Wo R wy W, T Y Wo
vwhere: ‘
L = Weight of armament systers installation
WL ® Welght of warhead per round
Wh » Total weight of warhead in Wo
Np = luwsber of rounds of ammunition in W,
[y Jp = Number of kills obtained against target, T, in W,
Py |r = Probubility of kill per round againat target, T
P(k/h)‘r = Probabilily of kill per hit againat target, 1
iPh}'r ® Single-shot probability of hit per round against target, T
The affectiveness indsx equals the product of the probability of
hit per round, the probability of klll per hit per pound of warhead,
and the ratlo of the total welght of warhead to the total weight of
armaent system installation.
In othsr BngOrd roportis, the inverss of the product of hit
probabilily and the ratio of total warhead waight to ordnance
systom weight has been colled the ordnance logistic fsctor, L. We

shall adopt the sams turminology, bul since in this case we are

1
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considering im W, only pari of the ordnance system welght (ignoring

the airplane weight) we shall say that:

P
I- C f (3{;\) l T

By where:

J Ly * The aircraft armament logistic factor

For the relationship between L and L, ses .(9).
Examination of Parameters

. p »
o # (k/h)T = Probability of kill per hit per unit warhead weight.
'h :

The parameter P
P (k/h)e

!AJ . oY

target, tho type of warhsad, the striking welocity, the striking

is principally a function of the type of

attitude, and the type of fuging. For simplicity, it will be assumed
that comparatively this parameter is invariant among all aircraft
armament propsllant systems capahle of delivering equal warhead

wel ght, W

L, - Aircraft armament logistic factor.

I.' iy a function of two parameters, \hich in turn are functions
of many variables pecullar to the operation, as follows:
—“ ,'P'n%"r‘ = Probability of hit per round againat target, T, iz a funetion

ofs

R = Slant range from point of release to target

q T=T (A.T,x,,y.r) » Target (area, shape, normal to trajectory)

-2
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U"y 8 Dispersions of round due to all causea other than reiease
error along the sight line

Tg = Dispersion of round due to release errors along the sight
1line, in twm a function of:

R ® Slant rangs from point of release to target
Vg® Airplane velocity at release
Vy & Valocity of round

@ = Afrplane dive angle at release

AL ® Belease srrors along sight line, in range, dive:angls,
and airplans spewd

Wy/Wo

The ratio of total warhead weight to the ordnance system weight
is a fwmction of the ratios of round, gun, installation and control
welghts to the wolght of the warhead per round (W , Wy , Wy , Wg )

wow W W
which An tare ave functions of variables peculiar to the operation as
Lollowas

Wﬁ 2 Radio of pound wolpht to warhead weight, a function of:

Tp w Valoolty of rowd
Iy, = Caliber of rowid
By & Sype of wound
By ,
- = Batio of gun (or propellin, systen) weight to warhead weight,

& fungtion of's




V, = Valocity of round
Dy, = Calibar of round

Igw'hbtrot uns
ln:lmber of rounds

r, 3 Rate of fire

’ g
G = Type of guns

w *
e 1 = Ratio of installation veight to warherd weight a funstion of:

W, = Weight of gua
B, Dy = Caliber of round

f N a Number of guns

1. ¥, = Nuaber of rowmds
v r, = Bate of fire

| Gy = Type of guns

& 14 3 Type of Installation
\

| m Ratio of control weight to warhead weight, a2 functiou of rates
o of change of the fundamental variables as well as of the

| . | variablas.

L There ure other fundamental variables and relationships than thoss
1listad above. Houwmver, it is belisved that enough have been recognized
]&u_ ‘ for fairly accurate general comparison of aircraft armamwt systems,
s yet the number has been kept sufficisatly low that fairly simple analytic

axpressions may be derived.

I

| Stk
L S
1 Q x|

Thus we say:
L ¢ (&, T, LET) Vg (B, Yar Vo 036831))

» 4
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W, W, ' )
Wy, = 3(-@’5" (Ve By Ry )7?3;(\/7”0'1 ’M“7§> Gé))%(“{y:whvld

Ik=K/gp h

It will be observed that £ and g are functions of common variables.
Theretore, P, and W,/W, cannot be treated independently in maximizing
Ly

An Expression for Py

Assume 2 rectangular target of width, w, and length, 1, (normal
to the target). Assume that the dispersion of the weapons system may
be represented by a linear standard deviation of O‘}R in y (width) and

U xg in x (length), where T and G_y ars wmeasured in mils.

Then: v )_2_ /p”';/a
-1/1(0. 1 2
=P P = 2z R r - % (s
Ph hx "hy ';Izvrq;R c T dy - -:—m—t:*# /@ °}}R>
-—%. [ x '.:/
/z. & "W
_ ] —_ A 3 Al 9 2
=wec ke Je "%R)w e “lx)a
%Yy y vd
For values of up to 1.0, the following relation
-7 (Z5) ﬁ"/w’c/ = h
© ~Rlida =0 R =
¥ : R e

does not introduce errors greater than 15%, the eez"ror decreasing with

decreasing values of h 2. -
/2R

V4
o . UL TIPS T A,
Thus for J-Q'é_R N 1.0:

pez=z2 £ w
4 WZQRldth

with errors not greater than 35%.

-s-
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If it is assumed that the numbsr of rounds required per hit is
equal to the reciprocal of the single-shot hit probability, tc the
nearest higher integer,

k= ___L—-
N & [*)
h
ZO';R
50%, and this error will be greatest for the least number of rounds re-

for values of <1.0, the maximum error will not be greater than

quired (1.5 required by approximation as against 3 required by exact

L
expression £ir = = —% _ = L.99).
*P 2R 20, R ¢

Inazsmuch as for the tarpets and ranges with which we are most con-

cerned, _h...k_.« 1.0, it ia considered that the following expression
%
for hit probability is a satisfactory approximation.

L
P = 2 L w Ay [ 295:,R41
h werzr:jR 2m R 7, 0 w

x o =R 7 < |
In the above expression, the variables which are not fundumsntal

ere T, and U'y. Vy 18 & function of both Ty and I/‘g, while
‘U"y is primarily a function only of Uy as defined above. It will be
assumed that for each tyve of aircraft armament U7y is a constant, the

value aversged from firing tests. However, as defined above,

03 = 05 (RVa Vs &, a€)

s0 that szvggq}z ol =

U G—(L) 3 (U;., 1O~(R7\/&)6)VK)AEM)>
...'v T * 4 Q—é

With the above assumption:

P'AT"
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It nay be shown that for a vacuum trajectory (see Figure 1) the
trajectory drop may be expressed aa:

g_______ g _E_zcoc,&':

R 2 (Vaw
where:
£ = trajectory drop (ft./ft.)
7] = Trajectory drop (fi.)
R = Slant range (ft.)
Vov = Averape velocity of projectile (ft./sec.) over slant range, R.
© = Angla of airplane flight path to horizontal at time of firing.
Va = Airplane velocity at time of firing.
d
. 2& _ cey "J[ H\éw
2R T i? 2 R »/U; o R
ERvA v,? ENA
. e 2 o Vi
2T - ...-JL _-B—- ol © Can. & + ~
= 2 \ - &
- 2 2V -
- (See Figure 2)
- s
If it is assweed that = ;8‘_ = BRL o LA
2 Bnp A —
’
T:AE.A“"“‘"‘“""K ‘i‘&ggﬁ )"'QR S\IMX
R K R 2 \/;LU" \J{;w‘ QRJ
U_ FAY & - ol O \/a. v, R"‘ + P V» A\‘/’L \/" 9 f-;fwé;_____@\/mt
= = oS e ~7 N7 2 n
;,U s de-' < \/2_, = @ \4&- v’L \‘élu‘ \’-f/é.»(’ < \/4‘
—
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- and that these release errors are the principal ones not included in ¢,

then: (T'-'—'VG"'-?- ot

ﬁ.ﬁm&. R (122K DVau Vi Ve .
Va8 (k2] ~7 vwg\\//:‘"

+[e§-.(em&e+%f: .g;{ﬁ]’*

Assune for a moment that V.. may be chosen arbitrarily, independent of

R, Vy, und ©, then:
¢§= _g-__ Rc\:/g&z@‘V(ARR )“+(Aet2m,e)"

= R = éz%@g:‘s ‘

gRe® o Y (2\’ )“ (_e_R_) +asTane)

Here we observe that if ¢4 is amﬂl relative to U, (say vz 303 ),

1. and z._bT_ < | s Py, increasez linearly with A4
q—-
Z increases as the square of V .

increases as the reciprocal of the cube of the

rangs

increases as the reciprocals of U”y and lJA Eaa
A
r increases as the reciprocal of cos &

If, on the other hand Uy is large relative to T, (say T, 5 305 ),
and —-—LL.__... <, Ph increases linearly with Ay

ry U‘ R
increases as the reciprocal of the square of
the range
increases as the reciprocals of UT; &nd Vo & 4“-2
W,
Now, \;v;g is also a function of V,y so without further exploration of
]

their relationehip, the variation of I, with V, cannot be stated. However,
Wh

is not a function of the other variables except as V., is a

‘ o
function of them, so that for our assumption of an arbitrary V.., the

.
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variations of I, with &n, B, O, T, and ja & "o;  are generally
the same as those of Ph‘
It should hs observed that ranre has a very significant effect on

L, R,
a
Therefore, training and equipwent plans should conzider the wery

I, R )(‘2— 3)

considerable gains to be obtained by firing at short range. (For
example, although aireraft armor to protect against small-arms anti-
aircraft fire and fraguwent damage would increase W,, the reduction in
safe firing range resulting from its installation might well increase
P, sufficiently to result in higher I, 's for the armored airplanes.)

For a particular weapon, where Vgy ®ay not bte independent of R,
Vas and & , the same general trends follow, modified as indicated in
ths above expression for (7-g.

The above analysis has been based upon an approximaticn for the pro-
Jectile trajectory. The errors introduced by this app:oximét.ion ahould
be explored. First it is necessary to obtain expressions for the average
velocities and their derivatives for the various weapons. These follow:

Por bomba:

R< 6000 P,
\/a_u_ = VL(WUU\M\_, L LO \/& :»\4,#.,‘,3‘* VJ )

V,.z 500 Fp.s.

For rockets:

Voo ROV (0 U s Y. o , R 5 R .
Voo = W&, (Ve _/b/“) t < E’Xmﬂu/,- “t?"v“‘"( l.lu_t_;)
| RZ¢oc Ft)
= V -], ZVLK 7
Y L+ H\/m"tbj’k(v‘ﬂ V”/“)tb’R)
For guns:
(VY g a n 'TF F‘
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Thent
For bouba
T ok 3 Rewo
K R 2 \41
_-24V, [’
W= %Rv,ﬁ
_ =48 oYy 4 Reewe
U;- =) (ew"e) 2 vz
Forrocketa: V‘t’ V.\,
}_....-—-..
ol RH 2(V+VJ (2R < R)
V.
:—ZLA 2 |+ “9 Roee® (¢ Y
%, -AQ\/ (V+ V) i-(vgvb) (‘%RLU *ﬁ‘)
22 (e ta/uG)(H— R)%—Cv":“vi)
F"g“é}"-AR 9 Rese
R 2 (y+v )

T = e 20Ve V A
% Vi ( (va+v> 2 (Vat V)™

U‘—-——Csbume)ﬁ_z%éf$%1

Then, assuming that the errors are in pendant:

For beabs:
3 eAR AV _K_ St Fe, [(BE 2
= ] T a8 R
Ty= 7 a." {“” \ Lg’(e AR)
For rockets:

- Voty 4
05: "-(\vab)’L K ][[ Vt):)+('+vgb U(\bv V AR
+ o tan % (25T

For guns:

K 2
U‘a--i—(%ﬁ’)ﬁ{ {H\#\-) 2l RY ot 9@2_&)

aR
If it is assumed that —— = aV - o

R

<
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For bombs:
RKoe 8 R 2 2
;"- = ‘:ﬂ, ]/5 7 &21len”o
For rockets:
9 Kawe & / 4z ]
%= % LYy )y K /7 - Lﬁtb )//Vf )1-9?24L6
For guns:
T =9 /?CNS AR z&maé
7 7-(V ) R

Figure 4 plots Uy versus By (—ARB' = QV ‘;9

of B, Vp, and Vg corresponding to exist.ﬂxg boubs, rockets, and guns.

=0.005) for various values

For rockets and bombs, V, was set squal 500 ft./sec.; for guns, Vg uas
sel equal to zero. Actual values of Uy us taken Irom trajectory Table
I are shown for cowparison. It will be obsurved thai ihe calculated
rocket dsviaiions correspond quite well to the actual, the errors ranging
from 2 to 7 percent high for the tomb, 2 to 12 perceant low for the S™ AR,
14 to 26 percent low for the S* HVAR, and 8 to 13 psrcent low for the gun.
These errors are, in most cases, no greater than those vhich must result
from assumptions for (3. It appears then that trends ahown by the ap-
proximate analytic expressions derived above will be generally correct
and that the absolute values will not be greatly in error.
g

74 has been defined as dispersions due to all causes other than
release e.ror along the sight line. These would include free flight
ballistic dispersions, dispersions caused by mechanical and aerodynamic
disturbances, sighting errors, alignment errors and azimuth errors.

i s
SECHEY
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It will be agsumed that these errors are circular. The values given
below are for the linear cowponents (vzx= v;:v =0 70702('cpvc.')). The free
fliht ballistic dispersions have been given in other EngOrd reports

(2,3,4,5) and are approximstely:

3-4 mils ~ Bombs (Existing bombs with modified fin assemblies and
proposed new fardly of bobs)

3~7 wils ~ >ckets (Air-fired, fin-stahilized)

1-3 mils - Quns (Air-fired)

There have been no satisfactcry isclatiouns of the other dispersicons
contained in 0’1. Therefcre, Cor the remainder of this analysis two
assumptions as to its value will e maude. The Tirst (lower 1imit) will
te that U5 is equal to the tallistic dispersion alone, value to be:

L ndls - Bomts

L nils - Rockets

2 mils - Guns
The second (upper lirmit) will be that U7y is equal to dispersions gensral-
ly found in firing tests corrected for v‘y. These values are approximately
(6).

9 mils - Bomba

9 mils - Rockets

S mils - Quns

Release Error Control Requirements

With the aid of the above equations and numbers it is possible to
approximate the values within which & R, AV, and Q& must be main-
tained in order that dispersion alony the sight line, U™, will approach

its minimum practical limit. Since

- A *
%“@*"’3

the minimum limit will be G 4, with A R, AV, A6 all equal to gero.

-~12-
SVYLCHET
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However, it will be assumed that a winimum limit below which further

expenditure of effort to reduce release errors would be impractical

will be:
&L
Uy—’ ‘2;0 5 o

vvj_%vs“ = .27
Q-lzr?gaﬁ-; I-‘/‘/'Uzl
7y € 0.66307

Then for bombs and rockets:

< 6 mils (T =9 nils) Z 11 mils
G=2.7 mile (7; =L nils) "X = 5 mils
FPor guns:
33 mils (Y wSmils) o = 6 mls
97T 1.0 wils (U7 =L umils) VX =2.4 mils

Then using the approximate equation rorO‘

PN P e

1,326 02 V= . AR AV AZ
We'? ( )+/?7:: (a6Tans)'=

x
Using the above equation, the maximum allowable value of /A may ba

epproximated. Then it i1s necessary to assign maximum allowable value to

AR aVe and AS .
R Vo

First, it will be assumed that there are maximum liwits within which

these errors can be controllsd by even a very simple fire control system
(fixed sight, standard release rznge, trained pilot). & R is probably
the most difficult error to estimate or control; & V, somewhat less dif-
ficult; and A O is the least difficult. Experiences of trained gunnery

pilots, firing with fixed sights indicate that these errors can be held

witiin the following maximum limits:




&

i . :
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e &R = 0.5R AVg ® S0 ft./sec. a8 - g0

,g‘:\PT

f"ﬂ; . It will be assumed that no errors greater than these will be

At

L permitied. Then the necessary reductions. below these limits tc satisfy
&

[ the above equation will be determined. The distribution of errors will
L be such that when all the allowable maxiuum errors are below the simply
controllatle maximum limits,

9% 2% 8%
o(2R) 922V Sagtan®)
P R VW
With these assumptions, the maximus allowable values havé bean computed
. "f for a range of V_y's from 500 to 3000 rt./sec., R = 3000 and 6000 feet,
T © = 20° and 50°, U, =2, 5, and 9 mils and V, = 500 £%./sec. The
. results are presentad in Table I. A generalized sumsary of the results
\‘{-}‘&: is given below, for V‘i = 7 mils,
Weapon . Range Allowable Errors
D i__,i;t;L
L aB/R | oV /v, 8
Cuns (V, 1500 ft./sec.) 6000 0.15 0.1 59
3000 0.3 0.1 5°
- Rockets :
'l;;! Rockats (Vm lm fto/SQCo) 6m 0.0S oL 50
et _ 3000 0.15 0.1 i
\ »' Rockets (500 V, 1000 ft./sec.) 6000 0.02 0.02 29
L 3000 .05 0.05 50
e 3000 0.01 0.006 1°

Therefors, if the effect of gravity drop is to be reduced to a minimum
. ﬁ:% practical limit, range error must be controlled within limits from & K
| C.005 for bombs to .éf_(;'i, <. 0.15 for gums. Velocity and range error

sffects, for errors below those controllable by fairly siuple systems,

are negligible, except in the case of bombing.

5 g* Figures La through le show the effects of release error on gy for
(

~Lg-
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various weapons at various rances and relerse angles,

Py
- ¥inally then, the following expressions are derived for Py.
For bombs:
Ph i,,- A,;Véf a & R
g\ coe® Tf*("v“ao')< R)-M‘ Ve R 8) e&«‘a(ea,y

\9 Couw @

(4 < T < Fmit)( V2 500 Fps)(RE 6000 pc.)(Ph = sﬁ

Ror rockets:
P o AllarVo)™,

h =1y R¥%ou & Vot Y] AR 2 (Vo t Vo) T
(‘/“_:‘ poit) L( )J V [ Rca@g)j%z f;) +

((\émo;,/,‘)t <R)
‘fvbtb A l
[(v __4_.1\_.)+&Lu o2t & 7
AR

(R% 600 FL.)

For gunl-( K |

s *TL?J”\Q‘% 2K

Sy Rrcond Ty SR TA(Vat VoS R
(1.<V‘ 45/nuf4.> KV 8QCM9 Lj]( -)14“* +VW)(‘Q:A
(R= agc»oFt) +e"ta/n_8(£‘8
(R,=.5) .

Figures Sa through 5d show the values of -—-b— for various weapons,

4R

T
dive angles, and the lirdting values of T, plotted as a tunction of

range. Figures 6a and 6b show Ph / AT‘ plotted as a function of V, for

rockets, and V, for guns. The marked increase of hit probability with
decreasing range will be noted in Figure 5., It will be noted that no
gignificant improvements in rocket hit probabilities will be made untdl
reduclions in inherent dispersions are accomplished. However, improvemsnts
in bombing fire control above those agsumed will result in significant

improvements in bombing hit probabilities. Figure 6 indicates that as

~1€~
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long as fire control errors remain largs, burnt or muszzle velocities
should be kept high to improve hit probabilities. As fire control
arrors are reduced, velocitises may be correspondingly reduced. It 1s
obvious, that with perfect fire control, velocity will have no effect
on hit probability. Similarly as long as inhsrent dispersions are high,
burnt or muzsle velocities may remain relatively low. Ag inhsrent dis-
persions are reduced, velocitles should be increased to improve hit
probabilities.

In Figure 5, the hit probabilities obtuiued in Air Proving Grownd
tests with 5% HVAR rocksts, using the A-ICM sight with varying degrees
of seusiti ity has been shown (7). Kanges were uncertain, betwwen 2500
and 3500 Jeet. Results were in remarkable agresment with those hypethe-
gized with the use of the foregoing approad.mtibnl.

Based on the data of Figure 5, Figure 7 shows the number of rounds
required por hit (subject to the exrors inberent in use of the approximate
formula) 13 a function of range and target area for guns, rockets, and
boubs and for the combinations of na.tim range errors and inhsrent dis-
persion and xinimum range errcrs and inherent dispersions. The maximums
may be considered as approximating present systems, the minimmes as the
limit of inherent improvement. Three target aress have been chosen, 200
aq. ft. (approximately that of a tank, side on), 2000 sq. ft. (a pill-
box or artillery emplacement) and 20,000 sq. ft. (troop vehicless or supply
concentration).

In analyzing thess data, let us consider that a ruximum of § rounds
per hit are desired., %Yhea the following table indicatss the maximumm ranges
in feet at which the various weapons may be used,

=16~
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Target Ares Guns Rockets ___Bombs W
Prusent Improved | P.E, imp, |P.E. Imp.
Errors o ‘ -
200 asq. ft. R<=3000 ft.| R~ 6000 R<1500 | R«3000| R~10GO |R <1500
2000 sq. ft. |R=6000 R < 6000 R= [4000 | R<60G0| R<2000 |R < 3500
20,000 sq. ft. R<6000 R<6000 | R<6000 | R<6000| R<4500 | R~6000
On the bdasis of hit probabilitiss above, with specifications as es-

tablished, guns should be used for the 200 sq. ft. tarpet, bombs should

not be used, arnd extremsly close ranres are necessary with rockets.

Eithsr guns or rockets mipht be used agalust the intermediate area target,

but close ranges are necessary with bomhe,

be used against the 20,000 s£q. ft. tarpet.

ﬂ‘. -~ Ratio of Total Werhead welght to Armament Sysiom Weipht

W
()
The total warhead weight carried by the airplane:
¥ = Mk
The total armament system weight:
W, = WR'?' ngM f‘Wg
Wp = Ni WR
W, =N
g = N Wy
where:

Wy, = Armament system weight

B

Total warhead weight

Wp # Total round weight

k2
1]

Total installation weight

Wa Total fire control weight

X
]

g Total gun weight
Bp = Number of rounds

N, = Number of guns

-17-
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. Wy, = Warhead weight per rouand
wp = Round weipght
’ wg = Cun weight
So:
o] wh ) |
Wo NR R + NSWj + WL + - WE,
Vg Wiy
_ l~
g ¥ NR n Rwh Nzwh
ot In other EngOrd reports (2, 3, L, 5, 9) expressions have been derived
‘ r WR_ —%%%- and W, as functions of round diameter, rate of fire,

Wn
velocity of round, and subsidiary parameters characteristic of the type

of weapon. However, there are no such expressions derived for %%@%; .
R
Therefore, in this report, it will be considered that compaiable fire

control systems are provided for all weapons {weapons will be compared

K ﬁ for the same release errors), W, will be included in the basic airplane
LJQR“ weight, and the term eliminated from the above expression.
; ..... Bonbs

For bombs, gun weight is zero, and the installation weight per round

varies roughly linearly with the weight o” the round. Tius
w
~

and from (2),

W .0 04
Ny W
Wa_ - (.05
(considering warhead weight to be the total bomb weight minus the stabiliging

system welight)

. So that:
Thoo. o092
W, ~ 1.05+0.04
~18-
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; Rockets
{ As for bombs, gun weight is zero, and the installstion weight per
;" - round varies roughly linearly with the weight of the round. Thus
|
{
w
| —2 =0
| z
f and from (3),
Wi ,o( Lawrichier.
Vv, f’!{/ Lertenitdorss)
W f‘/é ‘700

Wpoo H—“’pr (i~ - e Y8/ 300)

|

i

E R -
|

| Wo _ -5 * R, (mewroifela (5 HPACR! T ARFFR,

A = Jem OEP)

2 Vp 3.0+ 2. 7/0 W Wil I ~reelesite ,(5-0,‘,',4,/( 5)1/5—/4&7
? 155 ARY

Fﬂ Dy = Motor diameter, inches

Vp = Burnt wvelocity, relative to launcher, fi./sec.

|

|

(fﬂ We= Ratio of rocket motor weight {burnt) to propellant weight.
[ Ei?

f, Then: \

; Wy :

| T F ¥

. W, e i

’Tiiﬁﬂﬁ""'Vu/éaoq)

4, , )
\ | +~ K (500 V< ;500)
= v+ Vy /¢ 800

W, Y

Wp 6800
= K(eB00 - W v )t (6800F V)

Fcr simplicity, say

i = = K = 0.3
. And that
- Wa 1.0 (mwmﬂl&f)

7W; .5P($&hmmd%14vﬁ@ﬂj

~19-
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Then:  w,, 6800 - Vp e _ .
W,  884#0+ 07V AL 0 RED )

3V (
- L8O~ b (}&&WA’ZQZ, rockel)

EF40+ 0.1V,

These values are plotted in Figure 8. Actusl values are shown for
comparison. Good agreement 1s shown between the estimated and actual

values for the older rockets but vrobably will be approached as develop-
Wh
Wo

ment continues. It will be noted that decreases merkedly with
increasing Vb.

Standard Guns

Fron (h,‘)-
Wq e = 4/[?‘1“‘ O455j A,/O
wh Dh

where

V, = Muzzle velocity, ft./sec.

Dy = Projectile diamete;, inches

r = Rate of fire, rounds per minute

W, 86 V- + 107

A= WL + &

Wi . 9 Wq

NeVn ™ Ng Wi
go that:

R W Yan? -6 |

=36 Vi X 10 ] y 1.2] + N9 Ym .. o455y 15611.9
Wo [ Dk_f';, l ] Dh‘”[”‘H _-) o7 ]
-l -6
Dh__x 10
TV L6+ G NaTia ¢ od B+ e D “#y
.‘K

For example, let us consider two classes of guns, a small caliber, high
cyclic rate gun (say 20 mm., 650 rpm) and a larpe caliber, low cyclic rate

pun (say 75 mm., 10 rnm). Then

~20-
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W, Vin [ 186+ 925 Na 7+ 109 x10°
NR
o
wh (75. )= .553 % 10
W, Ve C136+37%.2 Ng J4+1.843 x10°

Ng

Values are plotted in Figure 9, and coampared against actual values.

Good agreement is found. Again, it is found that VN decreases

2]

markedly with increasing muzzle wvelocity. It will be noted that a

nuubexr of rounds por gun has a significant effect on -::-—;1 , the
Q
larger number of rounds per gun giving higher “n ratiox. This would

W,
be sxpected until the total weight of the rounds are esqual to or greater

than the total weight of the gun. Also, inspection of the above equations

reveals that for the sams murzle velocities and rounds per gun, increases

in rates of fire decreases .._\'Y.;’.L .

Wo

g_o;_coillus CGunp

Frou (5 and 8):

N 4.5x46'_‘°6\/m:'_
W, - 48x10°Vm

_%%: wy, + W + Wp

(exiating designs)
(proposed future designs)

= | + ..\f.‘,.ﬁ_m...

wh -!"-;\/ ~\-795 Wh
Wp = L46XI0 (19 m (57-105 mm. puns)
‘5‘,"\'7'615'

(not including
automatic feed)

WP _
W;‘-: 6»78)( 10

W, =0.7 wp
For an sutomatic feed mechanism, we shall assume (based on the

standard gun) "€ -

w. 41
" S YR
e

(existing cdesign)

g e, e T
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. -6
i =V, x 10 [48"’" ‘—Q—f—é-f{]
i Dh (proposed new design)

Then:
W, ()455—#—
—\;3- w X160 [O 45 +- o,

- Vm y “)""ES‘,Q%’ N  OUE 5 (existing design)

1 Sh -6 (proposed new design)

Wr . - L5
—;,i:-=1+!1,5xiob\/m 7
D Ozz
where: h

W = Weight of automatic feed mechanism
Wwe » Weight of care of round

The installation weight shouid be between those for rockets and

gtandard guns, say

W
* - = 5-3.(_\)3.
Ngh Na "n
R' Then:
Wh . | W (existing guns)
W, 14V >y 0 Hb 5 N ﬁ#b-’:‘*]

. N (proposed guna)
"L-.l..... am ]

= T 6T 1l '
L+ VX 10 [’57.‘\7_4I+)5-ﬂ-(5:?,8+“"‘5"3')_/
Let us now consider a large caliber, low cyclic rate gun (say

75 ma., 10 rpm). ‘Then

B L1 - e oo

—n J (existing guns)
‘ Wo VY, 2 xi0ffeds N,

. ”m =

| Lv + -—‘?f- )

{proposed guns)

VX0 [ +3.lb__5_3

R =
-

Values are plotted in Fipure 10. The same trend of marked de-~ |

crease of -\%“\- with increase in Vy is found as with guns. The
(@]

22
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sipnificance of the numher of rounds per gun will again be notsd.

Cun-Launched Rockets

Inasmuch as gun-launched rockets (or closed-breech rocket launchers)
are still in early development stares, there are 1little slatistical dats
against which empirical relationships describding the family can be checked.
In general, it would appear that the weight of the launcher must be ine
creased over that for ths pure rocket as a function ¢f the rate of fire
and velocity upon leaving the launcher, as in the case of puns. The
ratio of rocket warhead weight to round weight would be expected to be
lesg than for the pure rocket because of the neceasity for strengthening
the case to withstand the higher initial accelerations. Thersfore, the
over-all %EE; for the pun-launched rocket would be less than for the
pure rocket. GCounterbalsncing this, however, ig the increass in accuracy,
the dispersions appfoaching those of guns.

For the T131 rocket, used with the T11l0EZ launcher

wy = 5.2 1b.

w, = 300 1b. (launcher, wagazine, and feed waight)
wg = 10,7 1t.

W, & 2500 ft./sec.

Nﬁ’ 25
ng 3 650 rpm
Asgming en installation w-ight equal to 0.5 Vg
w
7:%% % 0,182 @ W, 3 2500 ft./sec.

This compares with the values of O.lili found for ihe pure rockets,
(1ight case), 0.038 for a standard gun with the same performance, or

0.095 for & recoilless pun with the same performance,

w
Comparison of L for Various Weapons

Wo

Of the weapons described, the bomb has the hiphest value of .!!h_
w
¢

-23-
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because no propellant, or structure to resist the supporting forces is
necessary. The rocket (except for the closed breech launcheé rocket)
requires a conparatively larre amount of propellant, but relatively

little structure. The recoilless gun requires less propellant than

the rockst, but more structure. The gun requires even less propellant,

but even nmore structure. This will be noted in the compariron of warhead
weight to round weiphts where the rockel has the lowest ratio of the three,
tho recoilless gun &n intermediate ratic, and the ;un the lowest vatio.
Therefore, at spme number of rounds per gun, the -%gfh ratios of the
three weapons should te the same, that weapon requiring the greatest

structural weipght requiring the most rounds per fun. These numbers are

tabulated below, the numbers corresponding to the rumber of rounds per
Wi,

2
the gun muzzle velocities being equal tn the rocket's burmt velocity.

yun which must bhe carried to give uan equal to that of a rocket,

An intermediats velocity of 1500 feet per second was chosen for this

COmMpUrison.
Projectile Diamet;r ‘1 - Number of Rounds per Gun Required at
—"--10 rpm 665_Pﬂn

1 inch -—~m~“‘“""‘;;;*~"'“"'" 550 . E?
2 inch 145 345 Standard guns
S inch 90 215
1 inch .- - o i;
2 inch 2095 879 Receoilless Guns \%f
S inch ~ £0 145

A sinilar table basad on the number of rounds per vun required to

equal the

of the T131 rocket and launcher, 2475 projectile, 650
o ,

rpm, 25 rounds per launcher and 2500 feet per second burnt velocity is
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given below.
Projectile Diamster Number of rounds per gun required at
650 rpm
275 105 Standard Gun
2175 70 Recoilless Gun

Valuea of L, The Aircraft Armanent Logistic Factor for Various Weapons.

As preaviously defined, the aircraft armament loyistic factor is
the product of the reciprocal of the probability of hit and the ratio
of total weight of armament syste. carried to total weight of warbead

carried, Thus:

Wi
Wy
(gun) or burnt (rocket) velocities.

Py and ar : mutually related by their dependence an musszle
Their variations as functions of
velocity have bsen individually discussed in previcus sections. The
over-all variation will be discussed below.

gomba

For bcuus _\f.')l is essentially fixad. Therelore 1/L, varies
linearly with the probability of hit. Relative values of tne product

of L, and the targst area are given in the foliovwing table:

AT A GG s REStTAL R I, &
RO o 1 5L b M g S

) LAs
PR~ 3000 B0 T faot ]
| T2 L 2 S N2
AR/} |
C.1 J} 9500 21,500 74,000 180,000
0.5 | 22,000 49,000 175,000 350,000
-25a
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R Rockets

The variation of 1/L,Ay for rockets as a function of range, Ty

burnt velocily and range release error is plotted in Figure 11. It

i will be noted that 1/L, resches a maximum (L, reaches a minimum) within
| the velocity range of the rocket. As might be expected, the optimum

< AT velocity is somewhat lower for small release errvors than for high; soxs-
: what lower for large inherent dispersions than for small; and somewhat
L lover for short ranges than for long. The best compromise velocities
(weighted toward firing at long ranges), appear to be approximately

1000 feest per second for the older (higher case weight) rockets, and

1600 feet per second for the newer (low case waight) rockets. Both

values are svmswhat lower than thoss found in existing designs. Rels-

tive values of the product of LAy are shown below:

i R~ 3000 b be 6000 feut
o AR | %> L 9 L 9 ails
‘H‘L R
74 0.1 2600 11,000 | 13,500 52,500
Older rockets
‘ 0.5 5350 15,500 | L3,500 95,000
0.1 1650 9100 8150 35,500
Hewer rockets
0.5 2650 9800 | 18,500 50,000
Standard Guns

The varistion of 1/1,‘,-~ Ap for standard guns, as a function of range;

07y, muzzle velocity, and range release error are plotted for two guns

(a small caliber hipgh cyclic rate, and a large caliber, low ecyclic rate

- gun, for various numbers of rounds per gun) in Figure 12. There, optimum
velocities are also shown to be lowsr than standard design, approximately

-26~
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1700 {eet per second for hoth types. The trends of variation of
optimum velocity with release error, inherent dispersions, and range
are the same a3 with rockets. Relative values of the nrcduct of

Ly AT are shown below.

Ly Ap
R 3000 6000 fact.
S => 2 S 2 5 mils
oK
R
0.1 7685 4550 LOOoO 20,000 200 rounds
per gun
0.5 1700 6650 12,000 33,500 -Small
caliber
0.1 600 3500 3250 15,000 LOO rounds| high cyclic
per gun rats
0.5 1200 4750 9500 23,500
0.1 1550 1L,000 11,500 | 30,000 10 rounds
per gun
0.% 4650 15,500 35,500 85,000 Large
caliber
0.1 1250 7050 6150 29,500 20 rounds| low :yclic
per gun rate
0.5 2550 9250 | 20,000 51,500

It will be noted that for corresponding inhsrent dispererions, in
the ranges of rounds per gun shown, the logistic factor for guns is
higher than for the newer rockets (effectiveness per pound of instal-
lation weight is lower). This was indicated in the comparison given

W
in the section discussing -Vfl- .« The lower limiting values for guns

o]

than for rockets are due to the lower ranpe of disperslions,

Receilless (uns

The variation of 1/Ly Ay for recoilless guns, as a funetion of ranpe,
04, muszle velocity and range release error are plotted in Figure 13
for two gun designs, one corfoaponding to existing practice, and a

-27-
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‘[ : lighter one corresponding to proposed new designs, hoth taken as a K
[_ | large caliber, low cyclic rate weapon. The optimum velocity is shown i
ol ;
!“- tc he approximately 1200 feet per second (weiphted toward the longer
|2 R
;‘#, range firing), for present desirm and approximately 1400 feet per second .
r\ for the new design. The trends of variation of optimum velocity with
J‘;j release error, inherent dispersions, and range are the same as with - '
J rockets and standard guna. Relative values of the product of L, and
) '
the target area, for the above velocities are shown below: G
Ly Ay g
— £
R> 3000 6000 foet N
%iv 2 | s | 2 s lww || M
AR
C.1 1150 3330 7350 28,000 | 10 rounds .
per gun 5]
0.5 3300 9100 | L1,500 | 111,000 Prosent =
Designs N
0.1 800 2300 5100 18,000 | 20 rounds
- , per pun fih
i 0.% 2300 6600 | 18,000 49,000 i
0.3 900 4750 | 5250 22,000 | 10 rouads
‘ ‘ per gun
0.5 2300 6650 | 18,000 45,500 New
oAl Designs
Fi 0.% &85 3600 3900 16,000 20 rounda B
W 0.5 1750 5400 | 13,500 26,500
‘_' 5 3 'l“:"l(l-
i AR
e It will bo noted that for recoilless guns, ws with atendard guns, o
fl . ‘.I b
‘ ﬂﬂ in the rangss of rounds per gun shown, for corresponding inherent dis-
: persions, the logistic factor is higher than for the newsr rockets, as
w
G was indicated in the Tvl comparison, The lower limiting values for |
bl ° "
}:’ ‘“‘f‘ recoilless guis than for rocketr are dus to the lower renge of dispersions. ,
. However, the lopistic factors for large caliber low cyclic rate recoil- J
leas guns are ansller than those for corresponding standard puns under t
-28-
Smm .‘l',i.
LR

T R N RVt £ VS T AR e T AR NP, R RN, R M v g
Lt Y o AT YRR . Lk D O R 3 S R F = T =
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b Y. compurable conditions.

Oun-Launched Rockets

'\"‘,&l;:-; The logistic factor for gun-launched rockets can bhe confidently
determined only at the design velocity of the existing weapon, the T131l
at 2500 feet per second. Assuming its dispersions to be in the same
range as guns, ths relative values ol the product of Ly A.r are given

|
5
g

- Ly by

Iﬂﬂ R> 3000 6000

oy e~ 2 2 : 2

g AER

] 0.1 1300 7800 5650 32,000

{W W, 05 1950 8550 12,500 42,500 |
|

These values are higher than for the recoilless gun (20 rounds per

gun) at its best velocity. However, & reduction in the velocity of the

T131 would reduce the lopristic factors, until, at tne seme velocity the

comparison would bie approximately the seme as piven in the section on
...&’/ﬂ_. s Bince the pame inharent dispercions were assumsd boih for the
(o9
recoilless gun and the gun-launched rocket.

Comparison of Weapons on the Basis of L.

Figure 1h shows the values of L, versus ranre for the following
weapons, againot thres target areas, 200, 2000, and 20,000 squere feet.

- | P

Je DO
2. Rocket - Light case, 1600 ft./sec.

3. Recoilless Guns, Large cxliber, 1L0O ft./sec.

a, 10 rpm, 10 rounds per gun

be. 650 rpm, 20 rounds per gun

-29~
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L. Standard Guns, 1700 ft./sec.
a. Larpe caliher, 10 mm; 10 rounds per gun
b. Small caliber, 650 rpm, 600 rounds per pun

5. Gun-Launched Rocket T131, 2500 ft./sec., 650 rpm, 25 rounds per
gun

No amali calibar recoilless puns are included, since previous examina-
tion of logistic factors has indicated their relative inferiority to
other weapona. No high cyclic rate large caliber standard guns are in-
cluded because of the practical difficulties associated with their design
and installation, and their relative inferiority in L,- The projectile
velocities are the optimum indicated 1n' the previous sections, except
for the T131, whose design velocity was taken,

The target areas, as stated previocusly, were selected to roughly
correspond to the following tactical tarpets.

200 sq. ft. - Tank, or transport on rail or road

2000 sq. ft. - Pill bhox, artillery emplacement, or bridge abutment

20,000 sq. ft. - Troop vehicles or supply concentration

In general, the trends follow those shown in the hit probability
section, emphasizing the preater weipht of the hit probability term in
the logistic facltor. For the 200 sq. ft. targets at the longer ranges,
the better guns have lower lopistic factors thaﬂ rockets, and rockets
have lower lopistic factors than bombs. Por the 2000 sq. ft. targets,
the rockeis are generally comparable with guns, but better than bombs.
For the 20,000 =q. ft. tarrcets, rockets are hetter than most guns, but
at short ranyges or low errors and dispersions, boubs are better than
all., Above 20,000 feet bombs will be best.

The affect of ranpe is apain emphasized, particularly against small

~-30-~
SECREY




SECRET VER 121

targets. Against tanks, effactiveness is gained only by firing at short
ranges, no matter what the weapon.

There are some rather important supplements to the conclusions
reached in the section on hit probabilities when tie weipghl charscteristics
of the weapon are considered. The pain in effectiveness from the use
of guns over rockets against small targets is not nearly as marked be-
cause of the pgreater weipght ratios of the puns. However, the effective-
ness of all weapons is so low against small tarpets thai even the small
gains in uffectiveness made possible by the use of guns should be utilized,
since it may make the difference between failure and success of a sortie.

Among the various puns or gun-launched rocu~ts, the small caliber,
high cyclic rate, ilarpge number of rounds per gun standard pun is superior
against all areas, It also has a good lopistic factor compared with
rockets or bombs. The large callber standard gun, however, is the least
effective of the puns. Between these two lie the gun-launched rocket
and the recoilless guns. The gun-launched rocket, for comparable rates
of fire and rounds per gun, appears somewhat superior to the recoilless
rifle at the longer ranpes, higher dispersions, and smaller aruua; The
two are nearly equal at the shorter ranpes, lower dispersions and larger
tarpets.

Examination of Effectiveness Index of Various Weapons

The previous section compared weapons on the basis of lopistic
factor. However, the results must be modified by the influence of
\ ¥25497; the remaining term in the effectiveness index. There are
not sufficient effectiveness data to quantitize the effectiveness indax
in detail. Howuver, the relative index of the different wespons may be

oxamined gqualitatively.

-31-
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Ageinst small tarpets, the small caliber high cyclic rate gun
has the most generally favorable logistic factor. Houever,(‘egfijlﬂ for
this weapon is essentially sero, when used against armored targ:r;: The
low cyclic rats recoilless rifle, or gun-launched rocket, which can de-
liver larger caliber and weight projectiles would have the best effective-
ness index against Lanks. The small caliber, high cyclic rate puns would
have the best effectiveness index against convoys or trains of vehicles
and troops.

hgaingt the intermediate sized targets, unarmored or of light
structure, the small caliber gun still shows ithe best effectiveness
index. Against heavy structures, guns or rockets would show approximate-
1y equal effectiveness indices, but the lower accelerations of the rocket
would enable the more efficient use of = greater number of warheads.

Against tarpets of 20,000 square foot area and greater, bombs have
generally the highest effectiveness index, excepi where penetration
must be accomplished by the kinetic energy of the round rather than by

explosive effects,
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500
1000
1500
2000
2500

500
1000
1500
2000
2500

500
1000
1500
2000
2500
3000

500
1000
1500
2000
2500

3000

V.= 2 nils
AV/V,

AR/R

0.0021
0.0084
0,019
0.035
0.076
0.12

0.0040
0,016
0.036
0,069
0.12
0.17

0.0042
0.017
0.0L1
0,10
0.18
0.26

0.0079

0.073

0415
0.30
0.7

)
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0.0011
0.0084
0.029
0.070
0.1
0.1

0.0020
0.016
0.0L8
0.1
0.1
0.1

0.0021
0.017
0,062
0.1
0.1
0.l

0. 0040
0.031
ol
0.1
Oel
0.1

ae()

0.33
1.3
3.0

0465
2.7
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5.0

5.0
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0.26
1.0

n ),
(% X

5.0
5.0
5.0

q L= 5 wils
ARR avv, 060C)
0.,0053 0.0027 0.8Y4

0.021 0.021 3.2
0.05k4 0.081 g.O
C

0.13 0.1 .

0,22 0.1 5.0

0.32 0.1 5.0
o= &°

0.0099 0.0050 0.32
0.040  0.040 1.3

0.098 0.1 3.2
0022 0.1 500
0.40 0.1 5.0
005 0.1 5.0
R = 3000¢

Vg = 500 ft./sec,

&= 20°

0,011 0,006 1.7
0,046 0,046 560

0.15 0.1 5.0
0.29 0.1 5,0
O.LiS5 0.l 5.0
0e5 0.1 5.0
g = &°

0.020 0.010 0.66
0.079 0,079 2,6

0.30 0.1 5.0
0.5 0.1 5.0
0.5 0.1 5.0
0e5 0.1 5.0

* Below&-&—' 0&5, %= Ool, Aeﬂ 5.0
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T =9 uils
AR/R  AV/Vg Ae(")

0.0095 0.0048 1.5
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0026 0.1 5.0
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0.018 0,009 0.60
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0.22 0.1 5.0
00)‘7 ool 500
0e5 0.1 5.0
005 001 500

0,019 0,00 3.0
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05 0.l 5.0
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ASSUME SIGHT SETS DEFLECTION ANGLE E, AT R, BUT RANGE INFORMATION |8
UNCERTAIN WITHIN R, =Ryt AR>Ry>Ry-AR =R,

TOTAL DISPERSION AT TARGET (MIL) = AEy=AEq,-AEq, = (EgRp- 1) - (EoR- M)
Ro Ro

- EORZ-EZRZ-EORl +E|R| = R&Q'EZ‘ERI!E| 'Edt

o Ro Ro

£ (Ro-aR)Eo-E,) + (Ro* AR) (E, ~Eq)
Ro

s E,-E, +é% (e, -£0) - (Eo-E2)]

BUT (E)-Eg)= CONST x AR = (Eg-Ep)

SO, LEg=E, -E,

THE LOCATION OF THE MEAN CENTER OF iMPACT (MIL)# -cousT %’?)
B ASSUME THIS CORRECTION 1S INSERTED IN Eg, KNOWING RANGE OF -%%

1 - THEN INCREMENT OF LINEAR ERROR FROM MEAN <M|L) =t EI_EE
2
ASSUME G—R = E]"E;«_’é CONST, (AR)
2

¥ FIGURE 2. ASSUMPTIONS FOR RANGE ERROR
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